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FREE-FLIGHT-TUKNEL INVESTIGATION OF THE DYNAMIC
LATERAL STABILITY AND CONTROL CHARACTERISTICS OF A HIGH-
ASPECT-RATIO BOMBER MODEL WITH SELF-SUPPORTING FREE-
FLOATING FUEL TANKS ATTACHED

TO THE WING TIPS

By Charles V. Bennett and Robert B. Cadmsn
SUMMARY

An experimental investigatlion has been made in the Langley free- .
flight tunnel to determine the dynamic lateral stability and control
characteristics of & high-aspect-ratio bomber model with self-supporting,
free-floating fuel tanks attached to the wing tips. This arrangement
represents a configuration in which an auxilisasry fuel supply could be
efficiently carried without the large increase in wing bending moments-
normally encountered with fixed wing-tip tanks. ¥Full-span flaps on
the lifting surface of the tanks operate automatically in response to
the relative bank angle between the bomber and tanks to keep the tanks
alined with the bomber wing: The effect of a variation in restoring
moment on the flying characteristics of the model was determined in the
investigation by varying the gearing ratio (ratio of floating tank flap

angle to angle of bank of the tank with respect to the bomber) and the
size of the flap.

The results of the investigation showed that the flight behavior of
the configuration could be made satisfactory when sufficient restoring
moment was supplied. When the restoring moment was insufficlent there
was considereble flapping of the tanke with respect to the bomber. These
flapping motions were most noticeable after a gust or control disturbance
and the random disturbances caused by the flapping made it almost
impossible for the pilot to maintain smooth wing-level flight.



2 L NACA RM LS51ELT

INTRODUCTION

It has been proposed that the rgnge of bomber airplanes be increased
by the addition of-auxiliary fuel supplies in free-floating fuel tanks
hinged to the bomber wing tips. The welght of the auxiliasry fuel would
be supported by lifting surfaces on the fuel tanks so that there would
be essentlally no increase in wing loading and, because of the increased
aspect ratio, the auxiliary fuel supply probably could be carried more
efficlently in this menner than by any other means. By hinging the fuel
tanks to the wing with freedom in roll the wing bending loads caused by
the serodynamic and mass forcesg on the tanks could be minimized.

Investigetions have been mede 1in the Langley free-flight tunnel to
determine the lateral stability and control chsracteristics of various
floating tip confilgurations. Reference 1 contalns the results of an
investigation made to determine the lateral stablility and control char-
acteristics of an aspect-ratio-5.06 model having gelf-gupporting, fuel-
carrying panels hinged to the wing tlps and reference 2 contains the
results of an investigation of another low-aspect-ratio model with
simplified fighter models attached to the wing tips with one, two, or
three degrees of anguler freedom. In order to extend this work to include
higher-aspect-ratio models, the lateral stabllity and control character- 1
istlcs of an aspect-ratio-10.76 model with free-floating fuel tanks
hinged at the tlps were determined by an experimental investigation in
the Langley free-flight tunnel. The results of this investigation are
presented herein. The tanks were welghted to simulate a fuel losd and
full-spen flaps on the lifting surface of the tanks were automatically
operated in response to the relative bank angle between the floating
tanks and the model to keep the tanks slined with the bomber wing. The
investigation consisted of flight tests of the bomber model alone and with
the tanks attached rigidly and with freedom in roll with respect to the
bomber. o ; . L .

APPARATUS AND TESTS

The investigation was conducted in the Langley free-flight tunnel
which 18 described in reference 3. A sketch of the model with the free-
flnating wing tenks attached 1s shown in figure 1. The dimensional and
mass characteristics of the bomber model and free-floatlng tanks are
glven in table I. All tests were made at a dynamlc pressure of approx-
imately L.25 pounds per square foot which corresponds to a lift coeffi- .
cient of 0.88 for the bomber alone. A slat (fig. 1) was installed on the N
borber model wing to delay premature wing-tip stalling which was attributed
to the low scale (Reynolds number of approximately 55,000} at which the
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tests were conducted. The 1lifting surfaces of the free-flosting tanks
were equipped with full-span flaps of 20 percent chord. The £lap effec-
tiveness was lncreased for some tests by adding 3/16- and 3/8—inch exten-
sions to the traliling edge of the full-span flaps. These extensions
increased the chord of the flaps by 56 and 112 percent, respectively.

The free-floating tanks were attached to the bomber by measns of =
hinge which provided freedom in roll of the tanks with respect to the
bomber. The weight of the tanks was adjusted so that they tended to
remain alined with the bomber. The wing loading of the welghted tanks
was approximately equal to the wing loading of the bomber. (See table I.)

A mechanical linkage (see fig. 2) was installed on the floating tanks
to deflect the full-span flaps of the tanks Iln response to the relative
bank angle between the bomber and tanks. With this linkage on the model,
gearing ratios (ratioc of tank flap angle to bank angle of .tank with
respect to the bomber) of 3.33 arnd 4.75 were obtained. Cushioning
springs were installed in the linksge system to permit the tanks to roll
with respect to the bomber after the meximm flap deflection of the tanks
was reached. The purpose of the linked flaps wes to minimize the rolling
motion of the tanks relative to the bomber by producing aerodynamic
forces on the tanks which tended to keep them alined with the bomber.

For instance, as a tank rotated up, the flap went up and the 1lift on
the tank was reduced, and, therefore the tank tended to return to it
trimmed position. :

The restoring moments sbout the rolling hinge produced by the
linked flaps are shown in figure 3. The maximum flap deflection of +hQ°
produced & restoring moment of 0.045 foot pounds. Increasing the flap
chord by 56 and 112 percent increased the serodynsmic moment by 15 and
29 percent. The vertical portion of the restoring moment curves (fig. 3)
represents the preload in the cushioning springs thet must be overcome
before the tanks can bank to an angle greater than that which corresponds
to 40° flap deflection. After the preload is overcome the tanks can
reach higher angles by compressing the cushioning springs. The restoring
moments provided by compression of .the springs are shown by the constent
slope gbove the vertlical portion of the curve. The maximum angle of
bank that could be reached by the tanks (springs fully compressed) was
approximately 32°.

Flight tests were made of the bomber alone and of the bomber with
the tanks attached rigidly arnd with freedom in roll. TIn the flight tests
made with the tanks attached with freedom in roll with respect to the
bomber, the pilot paid particular sttentlon to the flapping of the tanks
(rolling motion of the tanks with respect to the bomber) and to the
effects of this flapping on the genersl flight behavior of the coupled
configuration. In sddition, the flappling motions of the tanks were

J————
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determined gquantitatively from motion-picture records taken with a
camera located to the rear of the tunnel test sectlon.

RESULTS -AND "DISCUSSION

The flight behavior of the bomber alone was considered represent-
ative of that of an alrplane having good stebility and control character-
istics. The genersl flight behavior of the bomber with the tanks attached
rigidly (which was used as a basis for comparison with that of the bomber
with the tanks attached with freedom in roll) was less satisfactory than
that of the bomber alone because of the slower response to aileron
control and because of the decreased lateral stability. The rolling in
response to a given aileron control was slower than that of the bomber
alone because of the increassed rolling inertia and the increased damping
in roll. The decreased leteral stebllity apparently resulted from the
increased rolling and yawing inertia. These results are similar +to
thoge reported in references 1 and 2.

The rolling motions of the bomber in controlled Fflight and the
corresponding sngles of bank of the floating tanks {(measured with
respect to the horizontal) are shown in figures 4 and 5. Since the
film records were read within an arcuracy of *0.5° and no attempt was
made to falr smooth curves through the scatter of polnts, any abrupt
motion falling within these limits msy not represent the actual motions
of the floating tank models. In some cases the floating-tank rolling
motions are displaced from those of the bomber because no attempt was
maede to trim the tanks to exactly zero bank with respect to the bomber.
It was also difficilt to keep the tanks trimmed so that the flaps were
at 0° deflection when the tanks were at O° bank. The data of figure 3,
therefore, cannot be used to obtaln accurete estimates of the restoring
moments for a given condition. These data can be used, however, to
obtain a general indication of the varliation of restoring moment with
tank bank angle for the varlous gearings used in the tests.

The motions of the bomber and the corresponding motions of the
attached tanks are shown in figure 4 for a gearing ratio of 3.33.
Flights could not be meintained without extensions on the flaps because
of erratic flapping of the tanks and, therefore, no film records were
obtained. The flight records of figures 4(a) and L(b) are for a gearing
ratio of 3.33 with the flap chord increased 56 and 112 percent, respec-
tively. These records show that the flapping was reduced as the size of
the extension was increased. With the Plap chord increased 56 percent
there was considerable flapping of the tanks with respect to the bomber.
These flappling motions, which were most noticeable after a gust or
control disturbance, were very lightly damped and the random disturbances
caused by this erratic flepping of the tanks made it almost impossible
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for the pilot to maintain smooth wing-level flight. With the flap chord
increased 112 percent, the flapping, although reduced, was still consid-
ered objectionable by the pilot.

The flight. records for the increased gearing ratio of 4.75 are
shown in figure 5. The flight records of figure 5(a) are for & gearing
ratio of 4.75 without the flap extension and the records of figure 5(b)
and 5(c) were obtained with the flap chord increased 56 and 112 perceut,
respectively. These records show that the flapping was reduced as the
gize of the extensions was increased. It was the pilot's opinion that
the flight behavior for the condition without the flap extension was
comparable to that with a gearing ratio of 3.33 with the flap chord
increased 56 percent and that the condition with the flap chord increased
56 percent wes comparable to that with a gearlng ratio of 3.33 with the
flap chord increased 112 percent.

With the gearing ratio of 4.75 and with the ll2-percent flap exten-
sion, the flying characteristice were considered to be satisfactory and
it was the opinion of the pilot that the flight behsvior compared favor-
ably with that:for the configuration in which the tanks were attached
rigidly to the bomber.

CONCLUDING REMARKS

The resulte of an investigation made in the Langley free-flight
tunnel to determine the dynamic lateral stabillty and control character-
1stics of a high-aspect-ratio bomber model with free-floating fuel tanks
hinged at the tips indicate that the fllght behavior of the configuration
could be made satisfactory when sufficient restoring moment was supplied.
When insufficient restoring moment was supplied there was considersble
flapping of the tanks wilth respect to the bomber. These flapping motions
were most noticeable after a gust or control disturbance and the random
disturbances caused by this flapping made 1t almost impossible for the
pllot to maintain smooth, wing-level flight.

Langley Aeronsutical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I

DIMENSIONAL AND MASS CHARACTERISTICS

Bomber

One floating
tank model

Coupled
configuretion

Welght, 1B ceecescogecencanaanneannans
Wing loading, 1b/£tS ..eveevsceacnesn
Radius of gyration ebout longi-
tudinal body exis, SPanS ..cececeass
Radius of gyration sbout vertical
body axis, BPaNS eeeeicecccesacacenne

Wing:
Alrfoll sechlon cieeccecnssccananses
Bpan, In. .icecevcrirniccccennan ari
Aree, 8q In. .csccccesciccicceccannne
Aspect ratio ...ccccceccancscsoncncns
Teper ratio c.eecccstvccooscacsasane
Meen serodynemic chord, fnm. ..cecaces

Alleron:
Area, percent wing area
(one 8l1leron) e.ecicecccccesccanes
. Chord, percent wing chord ..ceeecaces
Span, percent wing span
(one aileron).ecece... aemttucanncaes

Flap:
Area, percent Wing BIref ......ccccece-
Chord, percent wing chord .......ccee.
8pan, percent Wing Span ..ecececeesane

Fuselage:

Length, In. .uveeetavaccsnscsscncnas
Diemeter, In. .ececeveccsccccaccanacs
Fineness ratio (Length/Diemeter) ....

Vertical teil:
Alrfoll section secceenccccancncncane

Aspect ratio
Taper ratio Cceccassvessscacnssassne

Horizontal tail:
Alrfoll section scececacecrnsccrannsans
Spar, in. ..... esescasssccanan sesee
Area, percent wing erea ..... esencees
Aspect ratlo ....cccceevcanas csosses
Taper ratio....cseececcsceccascacenn -

Tail length i‘;—chorﬂ. of wing

mean aeradynemic chord to
rudder hinge line, in. ...ceccee-.-

L.87
3.7k

G.15

Q.21

Bhode St. Genese-35

k5.00

187.20

10.76
0.25
k.66

0.51
3.95

5.69
3.T7

%0.27
89.30

63,80
217.08

————

2Based on span of bonber.
Pracludes gep for hinge installation.
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Figure l.- Three-view sketch of high-aspect-ratio bomber model with free-
floating fuel tenks Installed. All dimensions =zre in inches.



< Prefoaded cushioning spring

Figure 2,- Sketch of linkage syestem uased to deflect full-gpen fleps of
free-floeting tenk in response to the relative angle of bank of the
tank with respect to the bomber. )
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Figure 3.~ Variation of applied restoring moment with angle of bank of
free-floating fuel tank with respect to bomber,
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Figure 4.- Rolling motions of bomber and free-floating fuel tanks.
Gearing ratio, 3.33.
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Figure 5.- Rolling motlons of bomber and free-floating fuel tanks.
Gearing ratio, 4.75.
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